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We hypothesized that in patients with COPD pended at least 3 months before the experiment. The experimental protocol was approved by the Committee for Protection of Human Subjects, University of Rome, according to the declaration of Helsinki. Each subject signed an informed consent prior to initiation of the study.
Nutritional Assessment
Following their arrival at the laboratory (8 AM, after a light breakfast), the patients voided their bladders and removed their clothes except for underwear; weight and height were then measured. In accordance with the criteria used in most studies dealing with patients with COPD,'9 nutritional status was assessed through the calculation of the percent of ideal body weight (%IBW) and of the body mass index (BMI). For 0.51 ± 0.06 in GP3. Ventilatory equivalents for CO2 (VE/VCO2) and 02 sat values were the same in the three groups. One patient (from GP1) displayed a sustained 02 desaturation (7%); four more patients (one from GP1, two from GP2, and one from GP3) showed values of desaturation between 3 and 5%; variations in 02 sat <3% were not considered significant. Pertinent correlations between criterion variables observed in the entire study population are listed in Table 4 : some of them are also graphically displayed in Figure 1 .
DISCUSSION
Reduced exercise tolerance is generally accepted as an inavoidable complication of advanced COPD; the presence of different degrees of physical limitation in patients with comparable lung function impairment, however, suggests a multifactorial origin for this phenomenon. Although airways obstruction has classically been considered the most important of these pathogenetic factors, studies aimed at comparing lung function impairment and exercise tolerance in COPD failed to establish a clear corre- lation between the two parameters, probably depending on differences in study populations, ie, prevalence of emphysema or chronic bronchitis. In our patients, lung function impairment certainly played an important role in reducing exercise capacity, as demonstrated by the correlation between FEV1 and Vo2 peak (r=0.54). Lower limb fatigue is another important factor contributing to exercise intolerance; this is due, particularly in deconditioned elderly patients, to a variable degree of muscle atrophy leading to a significant reduction in muscle strength and endurance.4
The present study was undertaken to test the hypothesis that an independent negative effect was exerted on our patients' exercise tolerance by their poor nutritional status, through a limitation in the aerobic capacity of the exercising muscle. From analysis of the interrelationships among the physiologic variables studied, some important considerations can be derived. The existence of the positive correlations %IBW vs VO2 peak (r=0.82) and %IBW vs AT (r=0.69) indicates that the influence of nutritional conditions on muscle aerobic capacity and exercise tolerance, previously demonstrated in healthy subjects, persists in patients with COPD. Aerobic capacity was progressively more compromised, paralleling the decrease in body weight. In the past, exercise intolerance was almost entirely attributed to ventilatory limitation,31'34'35 in the assumption that patients with COPD hardly ever reached the AT. Only recently the development of lactic acidosis during the early phases of exercise in patients with COPD has r--r been described as a common event.13'14'32 This phenomenon is likely to reflect an inadequate 02 supply to peripheral exercising muscles. Reduced 02 flow in patients with COPD may be explained by the following: (1) reduced arterial 02 content; (2) increased pulmonary vascular resistance leading to inadequate cardiac output;13 and (3) blood flow diversion to respiratory muscles ("steal" phenomenon) related to the increased work of breathing.15 Whatever the cause of the lactate generation, it determines a further increase in the ventilatory demand and a further reduction in exercise tolerance. The possibility that malnutrition, leading to reduced intramuscular adenosine triphosphate (ATP) turnover and decreased concentrations of phosphocreatine, may force the muscles to an early switch toward anaerobic glycolysis,36 however, has to date been underestimated and in our opinion deserves higher consideration. Cellular oxidation rate in skeletal muscle is primarily dependent on mitochondrial concentration of adenosine diphosphate (ADP), inorganic Pi, NADH, and oxygen. In deconditioned individuals, exercise aerobic capacity is impaired because of reductions in mitochondrial concentration, size, and function with greater decrease of ATP and phosphocreatine and attendant increase of ADP and Pi, and smaller oxidation of fat with consequent faster utilization of glycogen. 16 Direct 31P-MRS studies9'12 and indirect Vo2 kinetics studies7'8 provided evidence that in patients with COPD, aerobic capacity is reduced. Using biopsy techniques, it has been shown that peripheral and respiratory muscles of patients with COPD are deficient in phosphocreatine and ATP. 36 Recently it has been reported that reduced phosphorus content in peripheral muscles is a common finding in patients with COPD and is presumably attributable to drug-induced impairment of renal phosphate handling.37 Furthermore, an increased rate of branched amino-acid degradation, indicating their use as an energy production substrate, and a reduction in respiratory and peripheral muscle mass, ie, in a variable degree of muscle atrophy, have been detected in malnourished subjects.18
In light of the above considerations, it is reasonable to assume that in malnourished individuals with COPD, energy-producing processes within the muscle may be less adequate to meet metabolic needs than in normally nourished, otherwise comparable patients. Strength and endurance of respiratory and skeletal muscles have been reported to be significantly reduced in patients with COPD with early peripheral muscle fatigue. In poorly nourished patients, this phenomenon is more evident and, importantly, nutritional repletion improves skeletal muscle function and exercise tolerance without measurable changes in lung function and arterial blood gas tension. 25 In our study, the strong correlation existing between nutritional status and maximal aerobic performance indicates how the intramuscular metabolic alterations related to a compromised nutritional status seem to influence physical performance; these findings are at least in part unrelated to lung function impairment.
The precise pathogenesis of malnutrition in COPD has not been clearly defined. As a corollary, the present findings of increased wasted ventilation and high 02 cost of ventilation, along with previous observations38 of a close correlation between cost of ventilation and Vo2 peak, are compatible with the hypothesis that in COPD, weight loss is caused by the excessive caloric expenditures dictated by the high energy requirements of the respiratory muscles. In COPD, wasted ventilation is more pronounced among individuals with a large emphysematous component. In our study, a significant correlation was observed between VD/VT and nutritional state. Previous reports19'39 have shown a close correlation between weight loss and reduced diffusing capacity for carbon monoxide (Dco) in emphysematous patients with COPD. It is likely that the high VD/VT observed in the present study reflects the same pathophysiologic alteration responsible for Dco reduction, ie, loss in gas exchange surface. The patients with the worse nutritional status had the highest values of Vo2/W/VE and AlVo2/ZAW. High values of Vo2 for given workloads have been observed by some authors and interpreted as a reflection of an elevated 02 cost of breathing.40 To our knowledge, no previous study has analyzed the A7Vo2/AW ratio from unloaded pedaling to peak exercise in patients with COPD. zVo2/AW has a predictable and consistent value in normal subjects34 and, being increased in the undernourished subjects, is also likely to reflect the increased 02 consumption by the respiratory muscle. A factor limiting the precision of the computation of A\ Vo2/AW, at least in the patients with the worst exercise tolerance, is the small number of available data points. The exclusion of unloaded pedaling Vo2 data, that in some patients could account for as much as 50% of the maximal Vo2, should allow us to avoid any artificial increase in the A'Vo2/zAW values; we cannot exclude that the analysis of a greater number of data points may yield slightly different results.
In conclusion, our study focused on possible links among respiratory physiologic indexes, exercise tolerance, nutritional status, and onset of metabolic acidosis during exercise. We hypothesized that in patients with COPD, nutritional deficiencies adversely affect metabolism and function of the exercising peripheral and respiratory muscles, tissues already in a precarious biochemical and physiologic state due to the chronic limitation in oxygen availClinical Investigations ability. When compared with GP2 and GP3, the malnourished GP1 showed more limited exercise capacity, earlier onset of anaerobic metabolism, larger physiologic dead space, and higher values of indexes that are likely to reflect an increased 02 cost of ventilation. Our data confirm previous observations that in malnourished patients with COPD, the alterations in airways resistance, oxygen cost of ventilation, and exercise tolerance are more pronounced than in normally nourished, otherwise comparable COPD cohorts. '9,26,27 Our findings are preliminary in nature. They are, however, sufficiently founded to suggest the need for future studies to validate the hypothesis that in malnourished patients with COPD, a measurable enhancement of exercise tolerance can be achieved by intense rehabilitation programs, in conjunction with adequate increase in caloric intake until body mass is recovered. In addition, consideration should be given to the administration of supplemental 02 to patients with stable COPD during the rehabilitation sessions and in the course of any muscular effort that exceeds routine physical activities, even if this form of therapy is not indicated by current criteria.41,42 The rationale for this approach is that short-term 02 administration may lower the 02 cost of ventilation38 and improve muscle aerobic capacity;8"11 our results suggest that these beneficial effects could be even more evident in malnourished subjects with COPD in whom high cost of ventilation largely accounts for the increased caloric expenditure, and in whom poor muscle energetics are associated with impaired aerobic capacity.
